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Abstract: This research aims to investigate the extent and nature of productivity growth in
manufacturing industries using nonparametric frontier techniques. In order to decompose the
total factor productivity (TFP) into technical efficiency change and technological change we use the
output-oriented Malmquist productivity index method for 34 Tunisian manufacturing industries over
the period 2002-2016. The results indicated that TFP has witnessed an average growth of two percent
over the period 2002-2016. The productivity growth identified was attributed to the improvements in
the technology (or frontier-shift) rather than improvements or changes in the efficiency.
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1. Introduction

Since Solow’s pioneering work, many theoretical and empirical studies have tried to analyze the
factors explaining economic growth. Most of these studies concluded that productivity growth is the
key to sustained economic growth. (See, among others, [1-4].)

There are two basic approaches used for the measurement of productivity change: The econometric
techniques based on the estimation of a production, cost, or some other functions, and the construction
of index numbers using non-parametric methods. The initial technique is an explicit function assigned
to the production possibility curve which carries out predictions of its parameters using econometrics
which utilize empirical inputs and outputs. The technical efficiency outcome is dependent on the
functional form which is taken, which if misstated may lead to outcome bias.

The other technique brings out the proposition that aims at finding out the over-all dynamic
productivity transformation indices, which uses the data envelopment analysis (DEA)-based
productivity index of Malmquist technique. Most methods advocate for a breakdown into two
items; one to find out how efficiency has changed—this is indicated by any motion towards the
production possibility curve. The other one indicates a change in the technology of the possibility
frontier curve.

The aim of this paper is to develop an output based non-parametric methodology using the
Malmquist productivity index methods for calculating productivity growth and to apply it to a sample
of Tunisian manufacturing industries. The methodology adopted in this study includes the ideas from
measurement of efficiency by [5,6].
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Farrell [7] came up with an idea that efficiency can be split into two components, namely the
ability and competence of allocation, thus showing the ability of an industry to utilize inputs in the
most optimal proportions, taking into consideration their cost price and how technically efficient
they are, which shows the capability of an industry to generate maximum output with a given input
level [8-10]. This way of defining technical efficiency has greatly contributed to the emergence of
a variety of techniques that can be used to predict practical productivity. Techniques such as data
envelopment analysis (DEA) were brought up by scholars such as Charles, Cooper, and Rhodes. The
technique utilizes information from quantities of inputs and outputs. In the process, the technique
involves measures of the level of productivity that are both input and output oriented Coelli [11-14].
According to the study in the DEA technique, there is an attempt to define the frontier by looking at
the highest increase in the production level. In regard to the output-oriented case of the technique,
the strategy seeks to find out the highest possible proportionate reduction in the use of inputs while
the level of output remains constant. The discussion has also relied on Malmquist productivity index
(MPI]) in the examination of changes in productivity level in regard to manufacturing firms in Tunisia.
The technique was brought up by personalities such as Caves, Christensen, and Diewert [15,16].

In the output-orientated case, which is used in this study, the DEA method defines frontier by
seeking the maximum proportional increase in output production, with input levels held fixed. While,
in the input-orientated case, the DEA method seeks the maximum possible proportional reduction in
input usage, with output levels held constant. This study uses the Malmquist productivity index (MPI)
to examine productivity change in the Tunisian manufacturing industry. The MPI was introduced
by [15,16].

Tunisia is one of the developing countries with a vast industrial base. Indeed, during 1980s,
Tunisia adopted the industrial policy (IP), aimed initially to put the national economy on a path of
high and sustained growth. This policy contributed to a balanced distribution of industrial activities
at a regional level and to support the emergence of a structured manufacturing industry. In order
to achieve sustained growth, the Tunisian government implemented accompanying policies, mainly
the structural adjustment program (PAS) in the mid-1980s and the industrial modernization program
(PMI) in 1996. Moreover, the government ensured the openness and trade liberalization by signing the
free trade agreement (FTA) with the European Union (EU) in 1995. The major target of the FTA is to
improve the productivity of the manufacturing sector and to increase the export share of manufacturing
products. In 2017, the Tunisian industrial sector accounted for 30.4% of the GDP. Approximately
5426 manufacturing companies have already set up in the country and are either totally or partially
producing for the European, American, and African markets, among others. Forty-seven percent of
these companies are joint ventures or foreign-owned. However, productivity growth in the industrial
sector has been the subject matter for intense research over the last two decades due to increasing
competition and changing economic situations at the global level. The majority of these studies used a
panel of six manufacturing industries or a panel of firms in the Tunisian manufacturing sector, which
reflected the analysis to a small extent of the industry. To address such issues and to contribute to the
research, this study analyzed data collected from 34 major aggregated manufacturing sub-sectors in
Tunisia for identifying the productivity change [17-20].

2. Background Study

Productivity is one of the important factors of growth and measuring productivity is one of the
important approaches for determining and evaluating growth and development. According to the
Organization of Economic Cooperation and Development (OECD) definition, productivity is the ratio of
volume measure of output to a volume measure of input use (OECD, 2001; Schreyer [21]). The purpose
of measuring productivity can be attributed to various reasons which include the following.

> Technology: Defined as a technique that can be used to translate inputs into outputs that
are required for use in different economies. Technology simplifies work and seeks to make
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products more useful than they were. For instance, extraction manufacturing of raw materials
(Griliches, [22]).

> Efficiency: Defined as a production process that makes use of maximum output while utilizing
the currently available technology with a given level of inputs that happen to be constant.
A production process can be defined to be efficient if it covers the above definition. It can thus be
said that technical efficiency is meant to reduce the inefficiencies that might occur in a production
process [23].

> Real cost savings: It is a very efficient way of defining the level of productivity change
(Harberger [24]).

> Benchmarking processes of production: In this highly competitive world, it is essential to adopt
this practice to identify inefficiencies and compare productivity measures with others in order to
identify the competitive position and the measures needed for improving productivity (OECD,
2001).

> Living standards: Measuring productivity is among the key elements that can be used to measure
and assess the levels of living standards.

There are a number of techniques that can be used to measure the level of productivity change.
Productivity measures can be classified into single factor productivity measures (measure of output
to a single measure of input); and multifactor productivity measure (measure of output to multiple
measures of input) [25]. Single factor productivity measures usually include labor or capital; and
multifactor productivity measures include capital and labor, or capital, labor, and intermediate inputs
like services, energy, materials, etc. [26]).

The Malmquist index (MI) has gained popularity for measuring productivity change in recent
years. A number of studies have shown the effectiveness of the technique in measuring productivity
change (Grifell-Tatjé and Lovell [27]). It has also been identified that in the presence of non-constant
returns to scale, the Malmquist productivity index does not accurately measure productivity change.

Accordingly, addressing various issues associated with MI, [28] proposed a new way for
constructing MI in a global framework which makes use of the lowest level of extrapolation principle
on the aggregation of the experienced contemporaneous technologies. It was also found by Pastor and
Lovell [29] that the mean MI is not circular and adjacent period components have different measures in
productivity change. The authors proposed that a global MI index happens to be circular and gives
a single measure of productivity change. A number of studies have been done to implement MI in
various international companies.

Other researchers [30] used MI approach for evaluating total factor productivity change across
microfinance institutions in the Middle East and North America by investigating 33 institutions and
found that overall productivity change was in regress and identified a decline in technological change.
Coelli and Rao [14] utilized the DEA approach to find out the MI for evaluating the total factor
productivity growth in agriculture across over 93 countries from 1980 to 2000. The shadow prices and
value shares that are implicit in the DEA-based Malmquist productivity indices were also derived in the
study. Ray and Desli [31] considered various aspects including productivity growth, technical progress,
and efficiency change in industrialized countries using MI measures. Similarly, [32] considered a single
context of the textile industry on an international scale for measuring the productivity changes using
MI from 1995 to 2004 and found only a slight increase in productivity. These studies used MI on a wide
scale at an international level or a group of countries, while also limiting to a specific industry, reflecting
the wide-scale applicability of MI for measuring productivity, technology, and efficiency change.

Similarly, MI is also used in studies focusing on a particular sector specific to a region or a country
which reflected the significant findings. Pharmaceutical and hospital industries in Sweden [33] are
used for evaluating productivity developments in recent years. Similarly, they investigated the growth
of Norwegian banks’ productivity within the years 1980-1989, reflecting the applicability of MI for
measuring productivity during environmental (economic/social/political) changes. Similarly, Price
and Weyman-Jones [34] identified a significant increase in the productivity growth of the UK gas
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industry before and after privatization. Accordingly, MI approach is used for measuring productivity
changes/growth across various industries, microfinance institutions in Kenya [35], Malaysian cage
fish farming [36] road transport infrastructure in Spain [37], and Nigerian seaports after reform [38],
reflecting the applicability of MI approach across various industries.

In the context of Tunisia, there are very few studies found using the concept of MI approach for
measuring productivity changes across various sectors. Two studies were identified focusing on the
evaluation of productivity changes across the Tunisian schools and educational institutions [39—43].
Zrelli and Belloumi [44] used MI for investigating the impact of environmental strategies on the
Tunisian manufacturing industry during 1994-2008 by using data from 26 industries and found an
average increase of 1.5% a year. Similarly, technical change and total factor productivity growth in
the Tunisian manufacturing industry was evaluated by Kalai and Helali [26] by using data from six
industries. They found that the industry achieved poor technological progress rates, and the efficiency
gain observed was attributed to improvements in the technology. They observed that the total factor
productivity improvement was on an average of 1.93% a year. The research in this area of the Tunisian
manufacturing sector is very limited as only two studies were identified in the literature search.
Considering these factors and the enhanced applicability of MI approach, this paper investigates
productivity change in the Tunisian manufacturing industry.

3. Methodology

This study applies the DEA method and computes the Malmquist index to measure Tunisian’s
manufacturing productivity. However, the Malmquist index is demarcated using functions of distance
that can be both input and output distance functions. An input distance function depicts the production
technology by observing the comparative reduction of the input vector, given an output vector (Coelliet
al., 2003). The function of output distance which reflects a maximum proportional expansion of the
output vector, given an input vector is an issue that was recognized in this study. To describe the
output distance function, a sample of K industry by x' € ler] inputs in the production of x! € Rﬂ‘f
outputs in time dated t = 1, ..., T is well-thought-out. Multiple inputs and outputs production
technology may be defined using the output possibility set, P, which denotes the set of all outputs
vectors,y! = (yg, ytz, ..., %), which can be formed using the input vector, x' = (xg,xé, ..., xt,) through
periodt=1,..., T Thatis:

Pt(xt) = {yt : x! can produce y' at time t} t=1,..., T 1)

Output oriented distance which is also referred to as distance function (Shephard (1970)) is
described as follows:

D! (x, y) :min{Ae 0,1] : %ePt(x)}tzl,..., T @)

The distance function is equivalent or less than 1 (i.e., D (x, ¥) < 1), if and only if output y belongs
to the production possibility set of x (i.e., ¥ € P (x)). Note that distance function is equivalent to the
unit (for instance, D (x, y) = 1) if y belongs to the frontier of the production possibility set. An industry
is considered technically effective if the interval function is correspondent to 1.

Now for any given industry in period t, an output-based measure of efficiency can be presumed
by the vertical distance ratio ob/oa. The outputs can be increased to make production technically
efficient in time f (i.e., movement against the efficient boundary) as shown in Figure 1. By comparison,
in vertical distance ratio oe/od in order to realize similar technical efficiency to that originates in time
t. Since the frontier has shifted, od/oe exceeds unity, even though it is technically inefficient when
compared to the period f + 1 frontier. The MPI measures the total factor productivity (TFP) change
between two periods. MPI may be described using an output-oriented method or the input-oriented
method. In this study we use the output oriented MPIL. Output-orientation refers to the emphasis
on the maximum level of outputs that could be produced using a given input vector and a given
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production technology relative to the observed level outputs. Following Fare and al. (1994), the output
oriented MPI between period t (the reference period) and period ¢ + 1 is given by:

1
t t+1 ., t+1 11 t4+1)]2
D (1, y 1) D (x4, y+)

Mt’ t+1 xt,xtH, }/t, yt+1 _
(0] ( ) DED (xt, yt) Dg-l (xt/ yt)

®)

1 ,
x' X x

Figure 1. The Malmquist output-based index and efficiency.

Subscript 0 shows an output-orientation. The notation Dg(x”l, y”l) represents the distance
function from the period t + 1 observation to the period t technology.

MP1 is a value in Equation (3). The first ratio signifies the time t Malmquist index and evaluates
productivity change from period t to period ¢ + 1 using period t technology as reference. The second
ratio represents the period 1 + t Malmquist index and measures productivity change from period t to
time t+1 using time t + 1 technology as a reference. Notice that Equation (3) is the geometric mean of
first and second ratios. Value of the Mg“’l(xt, XLy, yt‘H) greater than unity will show positive TFP
growth between two periods, whereas a value less than 1 specifies TFP deterioration. According to
Fare and al. (1993), the MPI may be decomposed into two components that is an equivalent way of
writing this productivity index (Equation(3)) as:

1
t t+1 t+1 1 t+1 t+1)]2
Db (x40, y+1) Dy (x40, y+1)

D (x, yt) Dto+1 (xt, yt)

bt b1 L f 1)
M, (x,x+,y,y+)—

4)

Dg»l (xt+l,yt+1)
Df, (+y")
the output-oriented of Farrell technical efficiency over the two periods.
1
DE)(XHl,ytH) Dfo (xf,yt) 2
Dgl(xt+1,yt+1) Dto+1 (xt,yt)

technology over the two periods. It is the geometric mean of the change in technology measured at

In this equation the fraction outside the bracket ATE" 1 = calculates the shift in

The ratio in the square bracket TC" 1 = [ calculates the change in

time periods t and t + 1, assessed at x’ and also x'*!. Bigger than unity values for the ratios recommend
improvement or values less than 1 recommend the contrary. Efficiency change ratio here denotes the
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enhanced capability of an industry to implement the global technology offered at different time points
whereas technical change calculates the consequence of shift in the production frontier resulting from
technological advances on industrial output.

MPI in the mathematical Equation (4) comprises four different distance functions Dg(xt, yt);

Dg(xt"’l, yt+1); Dtoﬂ(xt, yt) and Dgl(x““l, yt“). Following Fare et al. (1994), and granted that suitable
panel data are available, we can calculate these four functions by using DEA linear programs. For
each industry, we calculate four distance functions to calculate TFP change between two periods ¢
and t + 1. This requires the solving of four linear programming (LP) problems. Assuming constant
returns-to-scale, to begin with, the following output-oriented linear programs are:

[Dto(yt,xt)]_l = max 0

YA = Oyy
Xjt = XtA
A>0 ©)

1
[Dtgl(]/tﬂzxtﬂ)] = max 0

Yi1A 2 0yt
Xipr1 = Xpr1A
A0 (6)

-1
[Dg(ym,xtﬂ)] = max 0

YiA > Oyir1
Xipr1 = XiA
A>0 ()

[Dgl(yt,xt)]_l = max 0

YA = Oy
xit 2 Xpp1A (8)
A=0

where:

yir and y;¢11 are M X 1 vectors of output quantities for the i-th industry in period t and in period
t + 1, respectively;

xjr and x;yq are K x 1 vectors of input quantities for the i-th industry in period t and in period
t + 1, respectively;

Y and Y;; 1 are N X M matrixes of output quantities for all N industries in period t and in period
t + 1, respectively;

Xjrand X;;yq are N X K matrixes of input quantities for all N industries in period ¢ and in period
t + 1, respectively;

Ais a N x 1 vector of weights; and 0 is a scalar indicating the technical efficiency score.

It's good to note that the first two linear programs five and six (LP (5) and (6)) are where the
technology and the observation to be evaluated from the same period, and the solution value is
less than or equal to 1. The linear programs seven and eight (LP (7) and (8)) occur where reference
technology is developed in a one period from the data, whereas the observation to be evaluated is from
another period. The parameter 0 should not be greater than or equal to 1, since it should be calculating
standard output-oriented technical efficiencies. The data point could lie above the production frontier.
Statistically it may lie directly above the construction boundary. This can maximum in LP (8) the
point of production from time 1 + ¢ is as compared to technology in an advance epoch. However the
technical developments have come about, then a value of theta less than 1 is feasible. This could also
likely occur in LP (7) if technical regress has happened, however this is less likely.
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For this research, we have utilized the DEA methods to estimate the frontier functions and a data
envelopment analysis computer program (DEAP) version 2.1 developed by Coelli (1996) for calculation
of Malmquist TFP indexes.

4. Results and Discussion

The data used in this study consist of annual observations of 34 Tunisian manufacturing industries
(see Table 1 & Appendix A) for which observations are available over the whole period 2002-2016. The
industries included in the study are distributed in six sectors as follows:

Table 1. Distribution of manufacturing industries.

Agri-food industries 9 industries
Construction materials, ceramic, and glass industries 4 industries
Mechanical and electrical industries 8 industries
Chemical industries 5 industries
Textile, clothing, and leather industries 4 industries
Other manufacturing industries 4 industries

We note that the industries are distributed as follows across sectors: 26% belong to agriculture
and food products (IAF), 12% to the construction materials, ceramics, and glass (CMCG), 24% to
the mechanical and electrical industries (MEI), 15% to the chemical industry (CI), 12% to the textile,
clothing, and leather industry (TCL), and 12% to other manufacturing industries (OMI).

The data contain data on input and output. We specify variable of yield and incoming variables.
Our yield is the cost bought with a market price that is constant. Technology of production is defined
as presumptuous of the regular scale of returns: Stock capital and input due to labor is measured for
some permanent employees. Statistically they are assembled using a diversity of sources: The general
organization of records as well as the quantitative economic system institution, allowing for the
construction of an incorporated database. It is worth noting that even though the exertions market
became more flexible over the complete duration, the public law for hours worked did now not trade.
We expect that the level and the evolution of productivity have been now not raised by using these
missing information Pham, T.T et al. (2019), Micieta, et al. (2019), Mark et al. (2019).

The capital stock has been calculated, at constant prices, using the perpetual inventory method
for annual investment flows. This method defines the evolution of the capital stock at constant prices
as follows:

Ki = I+ (1-8)Kio1 ©

Where K; is the capital inventory at the instant t; K (t — 1) is the capital inventory on the spot t —1;
I} is the funding on the instantaneous t; standard deviation which is a capital depreciation rate.

We have taken into consideration a mean 10% depreciation per year. Our foremost explanation for
depreciating prices and productiveness fluctuations never proved to be weighty depreciation charges,
as well as the concerned fact absence of the components.

Table 2 shows descriptive statistics of input variable (L). The number of permanent employees
increased by 52.5% on average between 2002 and 2016. However, on a year to year base, we observed
small changes in the average number of permanent employees.
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Table 2. Descriptive statistics of input variable L (number of permanent employees).

Year Arithmetic Mean Minimum Maximum
2002 13,510.735 1092 147,033
2003 13,910.979 1258 150,091
2004 14,247.119 1343 153,213
2005 14,643.853 1164 156,399
2006 15,107.566 1234 160,321
2007 15,635.228 1310 165,147
2008 16,166.275 1371 170,094
2009 16,754.543 1437 175,524
2010 17,354.526 1499 181,014
2011 17,872.029 1546 186,082
2012 18,401.316 1603 191,271
2013 18,906.273 1657 196,700
2014 19,415.331 1713 201,889
2015 20,000.932 1789 207,698
2016 20,604.662 1867 213,675

On average, our statistics show an increase in the capital stock during the observed time period
by 7.75% (see Table 3). The reason for the increase in capital stock is that some industries have changed
from old to new equipment during the period 2002 and 2016.

Table 3. Descriptive statistics of input variable K (capital stock at a constant price).

Year Arithmetic Mean Min Max
2002 223.501 12.371 891.750
2003 224.350 12.289 890.916
2004 224.561 12.178 879.628
2005 224.497 12.043 867.459
2006 224.772 11.946 875.598
2007 226.974 11.943 904.779
2008 229.665 12.057 932.275
2009 231.385 12.126 952.509
2010 234.759 12.349 985.395
2011 236.883 12.488 993.680
2012 237.516 12.462 997.515
2013 237.237 12.516 995.986
2014 236.997 12.589 991.876
2015 239.114 12.702 1000.737
2016 240.822 12.793 1007.886

Our estimation of value added at constant market prices shows an increase by 83.27% between
2002 and 2016. However, we observe a remarkable increase of 14% between 2007 and 2008 (see Table 4).
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Table 4. Descriptive statistics of output variable VA (value added at constant market prices).

Year Arithmetic Mean Min Max

2002 67.489 3.604 462.000
2003 70.702 3.575 499.800
2004 72.606 5.207 520.700
2005 78.044 5.400 547.800
2006 81.403 5.400 588.400
2007 85.991 5.417 602.045
2008 98.015 5.700 713.299
2009 99.322 5.776 722.811
2010 99.842 5.700 691.932
2011 100.501 9.129 659.682
2012 105.615 9.287 666.521
2013 105.977 8.388 608.900
2014 110.716 11.386 575.062
2015 119.107 13.768 609.566
2016 123.687 11.470 627.853

Given that we have 15 annual observations on 34 manufacturing industries, we have a lot of
computer output to describe. Our calculations involved the solving of 34 x (15 X 3 — 2) = 1.462 LP
problems (Coelli (1996)). We have thousands of pieces of information on the efficiency scores and peers
of each industry in each year. We also have measures of technical efficiency change, technical change
and TFP change for each industry in each pair of adjacent years. Tables 5-7 display the results.

Table 5 suggests calculated modifications in relative output performance for every individual
enterprise and the overall average for all industries. In an output-based model of productiveness
exchange quite a value, more than regress value. But, in Tables 5-7, we think that improvement in
productiveness, as well as improvement in efficiency and time, is indicated by using values greater
than 1, while costs less than 1 indicate regress. We are also aware that the mode of LP (I) turned into
selected output industry outcome.

The values in Table 5 constitute the period of time not within the Equation (4)" brackets, for
instance changes in competence. For a company that is competent for time ¢ + 1 and for time t maintains
its performance relativity. No industry was green in all periods. For the nine industries four, five, eight,
nine, 11, 15, 26, 33, and 34, we discovered intervals with declines in performance in addition to periods
with upgrades in performance. We discovered no industry with most effective development or only
regress in performance at some point of the period 2002 to 2016. For the industries as an whole, five
periods confirmed common development in performance, and in nine intervals there was decline in
the mean performance. Within the years 2008 and 2009 the total fall in competence is 4.37%. This was
observed through a 1.5%development in performance. We checked for minimal changes during the
final periods. The bigger shifts inside the frontier from 20032004 and 2013-2014 for some industries
(20 and four) can be because of errors in pronounced records.
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Table 5. (a) Change @ in manufacturing industries relative efficiency between time period t and t +
1 (2002 to 2016). Thirty-four Tunisian manufacturing industries; (b) A complement. Change (a) in
manufacturing industries relative efficiency between time period t and ¢ + 1(1994 to 2008). Thirty-four
Tunisian manufacturing industries.

(a)

Sectors N° 2002/2003 2003/2004 2004/2005 2005/2006 2006/2007 2007/2008 2008/2009
1 0.946 1.000 0.984 0.944 1.000 1.000 1.004

2 1.001 0.808 0.900 0.868 0.990 1.059 0.992

3 0.925 0916 1.004 0.990 1.007 0.931 0.911

Agri-food 4 0.965 0.892 1.102 0.949 0.876 1.184 1.023
o staios 5 0.96 1.072 0.927 0.899 0.969 1.035 0.995
6 1.152 1.079 1.049 0.989 0.965 0.928 1.003

7 0.931 1.013 1.000 1.000 0.884 1.000 1.003

8 0.961 1.001 0.988 1.008 0.966 0.988 0.989

9 1.028 1.000 0.971 1.010 1.010 1.032 0.879

10 0.939 1.042 0.912 1.012 0.984 1.027 0.985

Construction 11 0.970 0.994 0.962 1.011 0.913 1.044 0.985
materials, 12 0.968 1.055 0.948 1.005 1.059 1.043 0.973
ceramic, and 13 0.919 1.135 0.893 1.023 1.117 0.961 0.838
glass industries 14 0.941 0.909 0.978 1.011 1.140 1.019 0.863
15 0.928 1.058 1.000 1.031 1.026 0.876 0.849

16 1.005 0.836 0.874 1.021 0.947 0.945 1.045

17 0.964 0.891 0.894 1.046 1.047 1.036 1.030

Mechanical and 18 0.932 1.396 0.99 1.013 1.018 0.956 0.824
ectrical 19 0.999 1.076 0.992 1.020 1.061 1.045 0.889
industries 20 0.971 1.397 0.825 1.011 0.980 0.952 0.866
21 0.986 1.108 0.989 1.036 1.056 1.024 0.983

22 0.900 0.936 1.078 1.016 0.948 0.961 0.987

23 0.964 1.027 0.998 1.026 1.065 1.000 1.009

) 24 0.941 1.041 0.944 1.018 1.012 0.997 0.960
Chemical 25 0.974 1.050 0.979 1.026 1.054 1.042 1.040
industries 26 1.004 0.937 0.982 1.016 0.898 1.065 1.054
Textile, 27 0.962 0.912 0.986 1.091 1.027 0.968 0.878
clothing, and 28 0.999 1.000 0.983 1.023 0.989 0.952 0.98
leather 29 0.936 0.963 0.993 1.010 1.042 0.933 0.986
industries 30 0.989 0.970 0.999 1.009 1.061 0.989 0.963
31 0.947 1.000 0.982 1.010 1.000 1.000 1.000

Other 0 0.880 0.974 0.980 1.024 1.002 0.974 0.937
m?“gfa“‘.‘““g 33 1.006 1.097 0.989 1.012 1.022 1.002 0.975
Industries 34 1.035 1.123 0.899 1.011 1.046 0.994 0.891
GE ® 0.968 1.014 0.969 1.005 1.005 0.997 0.958

(b)

Sectors N° 2002/2003 2003/2004 2004/2005 2005/2006 2006/2007 2007/2008 2008/2009
1 1.001 1.000 1.000 1.000 1.000 0.955 0.993

2 1.052 0.98 1.045 1.028 1.088 0.951 0.986

3 0.987 1.023 0.868 0.869 0.911 0.920 0.976

Agri-food 4 1.255 1.055 1.038 0.950 1.301 0.945 0.977
o staios 5 1.093 1.172 1.001 1.054 0.983 0.952 1.003
6 1.095 1.082 1.020 0.945 0.948 0.972 1.082

7 1.029 0.941 1.062 1.000 1.000 1.000 1.000

8 1.007 1.035 1.071 1.010 1.113 0.955 0.968

9 0.979 0.733 1.123 0.956 1.025 0.985 0.983

Construction 10 1.040 1.011 0.993 0.984 1.041 0.960 0.993
materials, 11 1.061 1.134 1.054 0.950 1.060 0.957 1.031
ceramic, and 12 1.031 1.031 0.999 1.002 1.003 0.959 0.993

glass industries 13 0.981 0.957 0.877 1.008 0.947 0.936 0.962
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Table 5. Cont.

14 0.871 0.93 1.082 0.833 1.060 0.988 1.031

15 1.013 0.950 0.927 0.882 1.017 0.978 1.012

hanical and 16 1.139 1.123 1.028 1.077 1.045 0.997 1.071
Mezleac‘zgzala“ 17 1.051 0.9162 0.902 0.989 0.964 1.013 0.976
o i 18 0.947 0916 0.780 0.933 0.963 0.978 0.957
19 1.000 0.921 1.001 1.010 1.000 1.000 1.000

20 0.951 0.915 0.745 0.984 0.961 0.952 0.969

21 0.982 1.021 1.030 0.953 1.075 1.014 1.037

2 1.071 1.105 1.004 0916 0.982 0.953 1.173

. 23 1.000 1.000 1.000 1.000 1.008 0.932 0.925
1?13:::;21 24 1.029 1.007 0.945 0.975 1.072 0.953 0.976
25 1.036 1.054 1.151 1.017 1.021 0.96 1.096

26 1.069 1.138 0.889 0.934 0.965 0.947 1.006

Textile, 27 1.016 0.935 0.876 0.906 0.900 0.926 0.973
clothing, and 28 0.95 0.975 0.937 0.963 0.993 0.902 0915
leather 29 0.899 0.961 0.928 0.938 0.955 0.926 0.973
industries 30 0.988 0.953 0.898 0.929 1.015 0.926 0.973
31 0.953 0.950 0.962 0.990 1.025 0.937 0.963

Other 32 1.020 1.005 0.970 0.961 1.147 0.963 0.997
ma.“gfm‘.‘““g 33 1.010 1.022 0.968 0.959 0916 0.960 0.992
Industries 34 0.978 0.934 0.987 0.952 1.043 1.007 1.030
GE 1.016 0.995 0.973 0.965 1.014 0.960 0.999

@ In Table 5 a value over 1 means progress, less than 1 means regress, and equal to 1 means no change. ® Average
geometrically of the sample (GE).

Table 6 presents calculated technical progress/regress as measured by average shifts in the industry
frontier from period t to period t + 1. This corresponds to the term in the bracket in Equation (4).
Our results showed on average 12 periods with progress and two periods with regress. Between
2007-2008 and 2014-2015 all industries showed technical progress. Here, we note that on average,
value added produced by technical staff increased by 13.98% and 7.57%, which may be one explanation
for the calculated positive shift in the frontier. The larger shifts in the frontier between 2008-2009 and
2010-2011 for a few industries (manufacture of electric equipment (N°19) and manufacture of oils and
other fatty substances (N°4)) may be due to errors in reported data.

On the other hand, for more than half of the industries our calculation showed technical progress
of more than 4% between 2007 and 2008. On average we found progress in five periods for the latter
part of our study period.

Table 6. Shifts © in manufacturing industries frontier technology. Averaged geometrically between
time period t and ¢ + 1 (2002 to 2016). Thirty-four Tunisian manufacturing industries.

Sectors N° 2002/2003 2003/2004 2004/2005 2005/2006 2006/2007 2007/2008 2008/2009

1 1.064 0.991 1.018 1.061 1.041 1.018 0.993

2 1.089 0.992 1.101 1.158 1.029 1.026 1.026

3 1.04 1.046 1.007 0.998 0.977 1.072 1.085

Agri-food 4 1.000 0.986 0.903 1.041 1.173 1.035 0.944
industries 5 1.045 0.953 1.061 1.105 1.066 1.021 0.995
6 0.880 0.990 1.010 1.014 1.062 1.022 0.995

7 1.084 1.257 1.028 1.001 1.129 1.044 1.023

8 1.103 0.999 1.028 0.994 1.049 1.016 0.991

9 0.965 1.079 1.003 0.994 1.006 1.048 1.111

Construction 10 1.092 0.998 1.089 0.991 1.028 1.030 1.058
materials, 11 1.043 1.028 1.038 0.993 1.087 1.032 1.008
ceramic, and 12 1.047 0.991 1.046 0.999 1.026 1.031 1.058

glass 13 1.085 0.993 1.105 0.985 0.962 1.073 1.175
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Table 6. Cont.

Sectors N°  2002/2003 2003/2004 2004/2005 2005/2006 2006/2007 2007/2008 2008/2009
14 1.060 0.991 1.037 0.960 1.013 1.044 1.098
15 1.075 0.937 1.017 0.973 0.991 1.063 1.168
hanical and 16 0.998 1.034 1.104 0.993 1.072 1.026 1.000
Mezlzc‘;;:ala“ 17 1.048 0.966 1.114 0.956 1.000 1.054 1.024
o dustries 18 1.078 1.100 1.016 0.970 0.963 1.073 1.158
19 1.011 0.942 1.011 0.981 0.982 1.071 1.235
20 1.093 0.997 1.165 1.003 0.988 1.066 1.184
21 1.017 0.98 1.018 0.909 1.026 1.032 1.057
22 1.107 1.065 1.021 0.990 1.080 1.043 1.017
. 23 1.064 1.003 1.003 0.982 0.941 1.084 1.091
.Cgen“c."‘l 24 1.069 0.987 1.062 0.991 1.019 1.036 1.078
Industries 25 1.038 0.998 1.032 0.993 1.037 1.023 1.019
26 1.013 1.075 1.006 0.991 1.112 1.044 1.026
Textile, 27 1.052 1.068 1.013 0.910 0.966 1.073 1.190
clothing, and 28 1.012 0.977 1.020 0.988 1.009 1.043 1.024
leather 29 1.074 1.059 1.010 1.000 0.949 1.089 1.050
industries 30 1.024 1.067 1.007 1.001 0.943 1.075 1.155
31 1.041 1.038 1.023 0.992 1.028 1.042 1.024
Other 32 1.107 0.970 1.022 0.978 1.016 1.038 1.077
m*f“‘(;fa“‘.‘““g 33 1.030 0.966 1.022 0.994 1.007 1.046 1.115
Industries 34 0.987 0.933 1.104 0.986 0.995 1.057 1.148
GE@ 1.045 1.013 1.037 0.996 1.022 1.047 1.069

Sectors N°  2009/2010 2010/2011 2011/2012 2012/2013 2013/2014 2014/2015 2015/2016
1 0.974 0.93 0.985 1.01 0.956 1.049 1.020
2 0.986 0.961 1.016 1.028 0.976 1.051 1.026
3 1.019 1.087 1.138 1.093 1.076 1.093 1.080
Agricfood 4 0.697 1.483 0.997 0.974 1.006 1.056 1.033
A 5 0.958 0.895 0.985 1.018 0.966 1.053 1.012
6 0.957 0.9000 0.986 1.019 0.969 1.054 1.012
7 0.936 0.876 1.019 1.067 1.006 1.065 0.973
8 0.972 0.926 0.982 1.009 0.951 1.049 1.020
9 1.000 1.019 1.097 1.060 1.032 1.062 1.040
Construction 10 0.991 0.981 1.037 1.038 0.994 1.054 1.030
materials, 11 0.952 0.880 0.998 1.040 0.986 1.061 0.997
ceramic, and 12 0.992 0.983 1.041 1.040 0.996 1.055 1.030
glass 13 1.029 1.061 1.115 1.101 1.062 1.094 1.080
14 0.999 1.013 0.993 1.058 1.025 1.062 1.039
15 1.010 1.059 1.102 1.074 1.060 1.067 1.046
Mechanical and 16 0.953 0.886 0.989 1.029 0.975 1.061 1.006
ecel:c‘;:alan 17 1.005 1.038 1.030 1.060 1.055 1.086 1.035
o destring 18 1.029 1.094 1.117 1.081 1.080 1.111 1.063
19 1.018 1.082 1.094 1.095 1.074 1.084 1.065
20 1.010 1.092 1.118 1.064 1.069 1.088 1.037
21 0.992 0.980 1.036 1.040 0.995 1.058 1.032
22 0.925 0.870 1.007 1.037 0.998 1.054 0.963
. 23 1.054 1.023 1.069 1.086 1.010 1.094 1.078
,Clc‘lem‘?al 24 0.995 0.999 1.056 1.048 1.013 1.057 1.034
industries 25 0.986 0.954 1.013 1.025 0.974 1.052 1.025
26 0.941 0.858 1.014 1.066 1.008 1.069 0.983
Textile, 27 1.027 1.067 1.124 1.095 1.070 1.097 1.078
clothing, and 28 1.052 1.028 1.067 1.086 1.009 1.091 1.076
leather 29 1.040 1.023 1.074 1.074 1.022 1.097 1.078
industries 30 1.035 1.048 1.101 1.09 1.054 1.097 1.078
31 1.051 1.027 1.069 1.087 1.010 1.095 1.080
Other 32 0.994 0.991 1.042 1.038 0.995 1.055 1.030
ma}“gfm‘.‘““g 33 0.999 1.012 1.064 1.049 1.011 1.058 1.035
Industries 34 1.005 1.037 1.092 1.061 1.034 1.064 1.041
GE@ 0.987 1.000 1.049 1.054 1.015 1.071 1.036

(©) In Table 6 a value over 1 means progress, less than 1 means regress, and equal to 1 means no change. @ Average
geometrically of the sample (GE).
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Table 7. (a) Productivity change (¢) in manufacturing industries (annual change between time period t
and t + 1 (2002 to 2016). Thirty-four Tunisian manufacturing industries. (b) The complement to Table 7.
Productivity change (e) in manufacturing industries (yearly variation amid time phase t and ¢ + 1 (2002
to 2016). Thirty-four Tunisian manufacturing industries.

(a)

Sectors N°  2002/2003 2003/2004 2004/2005 2005/2006 2006/2007 2007/2008 2008/2009
1 1.010 0.991 1.002 1.005 1.041 1.018 0.997
2 1.099 0.800 1.001 1.026 1.019 1.085 1.018
3 0.965 0.962 1.011 0.988 0.984 1.003 0.996
Agri-food 4 0.965 0.878 1.005 0.99 1.049 1.219 0.967
A 5 1.005 1.025 0.988 1.004 1.035 1.056 0.999
6 1.032 1.069 1.059 1.003 1.027 0.950 0.998
7 1.015 1.270 1.028 1.001 1.013 1.044 1.026
8 1.064 1.000 1.016 1.002 1.015 1.004 0.980
9 0.993 1.079 0.974 1.004 1.016 1.080 0.989
Construction 10 1.031 1.040 1.001 1.003 1.012 1.057 1.043
materials, 11 1.013 1.022 1.000 1.004 1.000 1.076 0.993
ceramic, and 12 1.015 1.046 0.994 1.004 1.076 1.074 1.031
glass 13 1.004 1.128 0.998 1.008 1.079 1.034 1.013
14 1.001 0.900 1.015 0.971 1.153 1.063 0.961
15 1.003 0.995 1.017 1.004 1.017 0.939 1.017
Mechanical 16 1.003 0.870 0.978 1.014 1.019 0971 1.045
eloctint 17 1.012 0.857 1.008 1.002 1.047 1.090 1.054
i 18 1.010 1.496 1.006 0.983 0.981 1.029 0.982
19 1.010 1.018 1.003 1.001 1.043 1.116 1.124
20 1.064 1.394 0.990 1.014 0.968 1.018 1.050
21 1.003 1.088 1.007 0.945 1.082 1.056 1.040
2 1.007 1.001 1.099 1.006 1.028 1.004 1.004
. 23 1.028 1.030 1.001 1.008 1.006 1.084 1.099
Chemical 24 1.010 1.028 1.006 1.009 1.031 1.033 1.038
industries 25 1.012 1.048 1.011 1.019 1.091 1.065 1.059
26 1.017 1.012 0.988 1.007 1.010 1.109 1.080
Textile, 27 1.014 0.980 0.999 1.001 0.993 1.041 1.068
clothing, and 28 1.011 0.977 1.003 1.011 0.998 0.995 1.004
leather 29 1.010 1.022 1.003 1.010 0.991 1.022 1.036
industries 30 1.013 1.037 1.006 1.010 1.004 1.064 1.118
31 0.988 1.038 1.005 1.002 1.028 1.042 1.024
Other 32 0.987 0.944 1.002 1.002 1.018 1.012 1.014
manufacturing 33 1.036 1.063 1.011 1.006 1.029 1.048 1.09
industries 34 1.022 1.056 1.003 0.997 1.041 1.051 1.039
GE® 1.013 1.027 1.006 1.001 1.027 1.044 1.027

b

Sectors N°  2009/2010 2010/2011 2011/2012 2012/2013 2013/2014 2014/2015 2015/2016
1 0.975 0.930 0.985 1.010 0.956 1.004 1.013
2 1.038 0.941 1.061 1.056 1.064 1.002 1.012
3 1.006 1.110 1.006 0.962 0.987 1.013 1.056
Agricfood 4 0.952 1.538 1.035 0.924 1.307 1.001 1.01
A 5 1.051 1.067 0.986 1.072 0.949 1.005 1.015
6 1.052 0.982 1.006 0.964 0.917 1.026 1.094
7 0.965 0.817 1.081 1.067 1.006 1.065 0973
8 0.979 0.961 1.053 1.019 1.064 1.004 0.988
9 0.979 0.752 1.220 1.016 1.057 1.047 1.023
Construction 10 1.031 1.040 1.001 1.003 1.012 1.057 1.043
materials, 11 1.013 1.022 1.000 1.004 1.000 1.076 0.993
ceramic, and 12 1.023 1.014 1.040 1.042 0.999 1.014 1.023
glass industries 13 1.010 1.018 0.992 1.109 1.009 1.030 1.042
14 0.870 0.943 1.075 0.891 1.085 1.050 1.070
15 1.023 1.009 1.029 0.956 1.077 1.045 1.058
Mechanical 16 1.092 1.009 1.017 1.106 1.020 1.058 1.077
electinn 17 1.056 0.954 0.932 1.049 1.019 1.099 1.011
o 18 0.976 1.010 0.897 1.014 1.043 1.089 1.020
19 1.018 1.003 1.095 1.105 1.074 1.084 1.065
20 0.961 1.007 0.863 1.048 1.030 1.040 1.006
21 0.974 1.001 1.066 0.993 1.070 1.072 1.069
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Table 7. Cont.

2 0.996 0.975 1.011 0.953 0.980 1.007 1.136

Chemical 23 1.054 1.023 1.069 1.086 1.018 1.026 1.003

. c 24 1.024 1.006 1.001 1.023 1.085 1.010 1.010
industries 25 1.022 1.008 1.164 1.042 0.995 1.012 1.121
26 1.010 0.996 0.903 1.000 0.973 1.016 0.989

Textile, 27 1.043 1.002 1.000 1.001 0.97 1.023 1.051
clothing, and 28 1.002 1.003 1.004 1.049 1.002 0.993 0.991
leather 29 0.939 0.984 1.002 1.012 0.977 1.023 1.051
industries 30 1.023 1.001 0.999 1.010 1.069 1.023 1.051
31 1.004 0.977 1.031 1.077 1.035 1.032 1.043

Other 3 1.014 0.996 1.012 0.999 1.142 1.018 1.027
manufacturing 33 1.009 1.034 1.082 1.008 0.927 1.018 1.027
industries 34 0.983 0.971 1.079 1.013 1.077 1.071 1.071
GE® 1.003 0.995 1.022 1.019 1.029 1.031 1.036

(© In Table 7 a value over 1 means progress, less than 1 means regress, and equal to 1 means no change. ) Average
geometrically of the sample (GE).

Table 7 summarizes productivity change results in manufacturing industries, that is the evolution
of Malmquist output-based productivity index in Equation (4), which is a combination of the efficiency
and technical change components, that are discussed above. According to our results, we have had, on
average, productivity gains in 13 periods and productivity losses in one period. Again, only three
industries (manufacture of electric equipment (N°19), other basic chemical industries (N°23) and
para-chemistry (N°24)) showed progress in all periods. For all industries and all periods, we found
productivity gains in 366 cases and productivity losses in 110 cases, i.e., progress in 77% of all cases.
For the period 2011-2016 we found progress in 81% of all cases. We note that on average, progress in
productivity during the five latter years of our study period is mainly explained by positive shifts of
the frontier.

Table 8 shows an annual total factor productivity growth of 2%; with technical change (or
frontier-shift) contributing 3.1% per year and decline in efficiency change of 1.2%. We can say that
during our study period, the increase of productivity is a result of technological progress.

Table 8. Annual mean technical efficiency change, technical change, and total factor productivity (TFP)
change (2002-2016).

Year * Efficiency Change Technical Change TFP Change
2003 0.968 1.045 1.013
2004 1.014 1.013 1.027
2005 0.969 1.037 1.006
2006 1.005 0.996 1.001
2007 1.005 1.022 1.027
2008 0.997 1.047 1.044
2009 0.958 1.069 1.027
2010 1.016 0.987 1.003
2011 0.995 1.000 0.995
2012 0.973 1.049 1.022
2013 0.965 1.054 1.019
2014 1.014 1.015 1.029
2015 0.960 1.071 1.031
2016 0.999 1.036 1.036

Mean 0.988 1.031 1.020

* Note that 2002 refers to the change between 2002 and 2003. etc.

In terms of individual industry performance (see Table 9), the most spectacular performance is
posted by manufacture of electric equipment (N°19) with an average annual growth of 5.2% in TFP
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over the study period. Other industries with strong performance are, among others, pharmaceutical
industry (N°25) and manufacture of oils and other fatty substances (N°4).

Table 9. Mean technical efficiency change, technical change, and TFP change (2002-2016).

Industry Efficiency Change Technical Change TFP Change
1 0.987 1.007 0.995
2 0.979 1.033 1.012
3 0.945 1.058 1.003
4 1.029 1.017 1.047
5 1.007 1.009 1.016
6 1.022 0.989 1.011
7 0.989 1.033 1.022
8 1.004 1.005 1.009
9 0.975 1.036 1.012
10 0.994 1.029 1.024
11 1.008 1.009 1.018
12 1.004 1.024 1.028
13 0.965 1.065 1.030
14 0.972 1.027 1.000
15 0.967 1.045 1.012
16 1.008 1.009 1.017
17 0.978 1.033 1.011
18 0.965 1.066 1.031
19 1.000 1.052 1.052

20 0.956 1.069 1.025
21 1.020 1.012 1.032
22 0.999 1.013 1.013
23 0.997 1.041 1.038
24 0.991 1.031 1.022
25 1.035 1.012 1.046
26 0.993 1.013 1.006
27 0.954 1.058 1.013
28 0.969 1.034 1.003
29 0.961 1.045 1.006
30 0.975 1.055 1.030
31 0.980 1.043 1.023
32 0.988 1.026 1.013
33 0.995 1.029 1.024
34 0.995 1.037 1.032
MEAN 0.988 1.031 1.020

Table 9 shows the mean technical efficiency change, technical change and TFP change for the
34 industries over the period 2002 to 2016. In terms of individual industry performance, the most
spectacular performance is posted by manufacture of electric equipment (N°19) with an average
annual growth of 5.2% in TFP, which is due to 5.2% growth in technical change over the study period.
Other industries with strong performance are, among others, pharmaceutical industry (N°25) and
manufacture of oils and other fatty substances (N°4). The unweighted average (across all industries)
growth in TFP is 2%.

Construction materials, ceramic and glass industries (CMCGI); mechanical and electrical industries
(MEI); and chemical industries (CHI) are the major performers with an annual TFP growth of 2.6%
(mainly due to technical change growth of 3.2%, 3.9%, and 2.2%) followed by other manufacturing
industries (OMI), agri-food industries (AFI), and textile, clothing, and leather industries (TCLI). Textile,
clothing, and leather industries seem to be the weakest performer with only 1.3% growth in TFP
followed by agri-food industries with 1.8% growth in TFP. A surprising result is that over the period
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2002-2016, these results show that technical change is the principal source of TFP growth for all sectors
as shown in Table 10.

Table 10. Weighted means of annual technical efficiency change, technical change, and TFP change for
the sectors (2002-2016).

Sectors Industries Efficiency Change  Technical Change TFP Change
AFI 1-9 0.995 1.022 1.018

CMCGI 10-13 0.993 1.032 1.026
MEI 14-21 0.985 1.039 1.026
CHI 22-26 1.003 1.022 1.026
TCLI 27-30 0.964 1.048 1.013
OMI 31-34 0.989 1.034 1.024

MEAN 1-34 0.988 1.033 1.022

AFI: Agri-food industries; CMCGI: Construction materials, ceramic, and glass industries; MEI: Mechanical and
electrical industries; CHI: Chemical industries; TCLI: Textile, clothing, and leather industries; and OMI: Other
manufacturing industries.

Figure 2 shows cumulative TFP indices from 2002 to 2016 for the different sectors. From the
figure it is evident that chemical industries have the highest cumulative growth by 2016, followed
by mechanical and electrical industries, other manufacturing industries, and clothing and leather
industries. Mechanical and electrical industries have a higher cumulative growth than the global
growth in TFP. Construction materials, ceramic, and glass industries, and agri-food industries remain
as the bottom groups.
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1.040
1.020 —— AF|
—— CMCGI
1.000
—&— MEI
0.980 — (]
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0.960 === oo
—e—OMI
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Figure 2. Cumulative TFP Indices.

For four sectors as shown in Table 11: Other manufacturing industries (OMI); mechanical and
electrical industries (MEI); textile, clothing, and leather industries (TCLI); and construction materials,
ceramic, and glass industries (CMCGI), the long-run annual average rate of TFP, ranges between
1.306% for textile, clothing, and leather industries and 3.355% for other manufacturing industries
over the period 2002-2016. The situation is somewhat different for the two other sectors. In the
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chemical industries, TFP strongly increases by about 3.470% per year. But, the agri-food industries
were characterized by lower rates (0.413%) over the study period.

Table 11. TFP in six Tunisian manufacturing sectors over the 2002-2016 period.

Industries AFI CMCGI MEI CI TALI OMI
Yearly average progress rate of TFP  0.413% 1.306% 3.309% 3.470% 2.339% 3.355%

AFI: Agri-food industries; CMCGI: Construction materials, ceramic, and glass industries; MEI: Mechanical and
electrical industries; CHI: Chemical industries; TCLI: Textile, clothing and leather industries; and OMI: Other
manufacturing industries.

5. Conclusions

In this paper the productivity growth in 34 Tunisian manufacturing industries over the 2002-2016
period within the framework of the DEA piecewise linear production function and the output-based
Malmquist productivity index introduced by Caves, Christensen, and Diewert (1982) is analyzed. This
allowed the simultaneous analysis of changes in best-practice due to frontier growth and changes
in the relative efficiency of industry to movements towards existing frontiers. The results show that
during our study period, the increase of productivity is a result of technological progress. In terms of
individual industry performance, the most spectacular performance is posted by manufacture of electric
equipment (N°19). Other industries with strong performance are, among others, pharmaceutical
industry (N°25) and manufacture of oils and other fatty substances (N°4). Considering the performance
of various sectors, construction materials, ceramic, and glass industries (CMCGI); mechanical and
electrical industries (MEI); and chemical industries (CHI) are the major performers. Textile, clothing,
and leather industries seem to be the weakest performers.

The long run productive performance of Tunisian industries turns to be heterogeneous across
sectors and sub-sectors. Some manufacturing activities experience a decline while others strengthen
their position and contribute to modify the national production structure. However, these results
suffer from a number of limitations. The main limitation is the lack of background or nondiscretionary
elements into the study. This oversight is the outcome of insufficient facts and means, and it is
difficult to comprehend why the variations in output, competence, and particularly technology, have
occurred. Second, the measures of competence and scientific advancement delivered in this reading
are best practice, in that the fabrication frontier is a derivative from the illustration itself. There is no
information to propose that efficiency modification in manufacturing has not either been commendable
nor equivalent to that observed in other manufacturing companies. Lastly, the current reading shares
its deterministic appearance in common with other DEA-based methodologies; that is, no opening
is made for capacity or condition fault. Nonetheless, the Malmquist index method is exclusively
common and can also be instigated in econometric frontiers. This points out a significant space for
future research.
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Appendix A

Table Al. Sample distribution per activities branch.

Sectors N° Activities Branch (Sub-Sectors)
1 Slaughter
2 Dairy Industries
3 Grain processing
4 Manufacture of oils and other fatty substances
Agri—food industries 5 Can_nery
6 Sugars and sugar confectionery industry
7 Miscellaneous agri-food industries
8 Manufacture of drinks
9 Tobacco industry
10 Extraction and shaping of quarry products
Construction materials, 11 Manufacture of cement and cement items
ceramic, and glass industries 12 Ceramic industry
13 Glass industry
14 The steel industry, metallurgy, and foundry
15 Working metal
16 Manufacture of industrial equipment and machines
Mechanical and electrical 17 Manufacture of motor vehicles and cycles
industries 18 Construction and repair of transport equipment
19 Manufacture of electric equipment
20 Manufacture of electronic equipment
21 Manufacture of domestic appliances
22 Manufacture of fertilizers
23 Other basic chemical industries
Chemical industries 24 Para-chemistry
25 Pharmaceutical industry
26 Rubber and tire industry
27 Spinning, weaving and finishing
Textile, clothing, and leather 28 Manufacture of carpets
industries 29 Apparel manufacture
30 Leather and footwear industry
31 Wood industry
Other manufacturing 32 Paper, printing and publishing industry
industries 33 Manufacture of plastic products
34 Miscellaneous industries
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